Introduction: Sipuleucel-T is a novel active cellular immunotherapy for the treatment of asymptomatic or minimally symptomatic metastatic castrate-resistant prostate cancer (mCRPC). It is assumed to be associated with less adverse events than conventional docetaxel-based chemotherapy. Material and methods: A systematic review of literature published between January, 1 1966 and February, 6 2012 was performed to assess the efficacy and safety of sipuleucel-T in patients with mCRPC. Databases were searched: Medline, EMBASE, Cochrane, CancerLit as well as ASCO and ESCO websites. Results: Three randomized clinical trials with a total of 737 participants fulfilled established criteria. The overall survival of patients who received sipuleucel-T in comparison to the control group was significantly longer with a hazard ratio (HR) of 0.73 (95% CI: 0.61-0.88; p = 0.001). Time to disease progression was not prolonged using sipuleucel-T compared to placebo, HR = 0.89 (95% CI: 0.75-1.05; p = 0.18). Relative benefit (RB) of serum PSA level reduction of at least 50% for sipuleucel-T compared to placebo did not meet statistical significance, RB = 1.97 (95% CI: 0.48-8.14; p = 0.38). The safety population consisted of 729 patients with mCRPC. Compared to the control group, the pooled relative risks (RR) of all adverse events -RR = 1.03 (95% CI: 1.00-1.05; p = 0.06), grade 3 to 5 adverse events -RR = 0.98 (95% CI: 0.79-1.22; p = 0.86) and cerebrovascular events -RR = 1.93 (95% CI: 0.73-5.09; p = 0.18) were not significantly higher for men treated with sipuleucel-T. Conclusions: The use of sipuleucel-T prolonged the overall survival among men with mCRPC. No effect on time to disease progression was observed and the safety profile was acceptable.
Introduction
Prostate cancer is one of the most common malignant forms of cancer among men [1] . Between 2005 and 2009 there were about 7,900 new cases of the disease among Polish patients and the standardized incidence ratio for 2009 was 32.8. There were also around 3900 deaths due to Paweł Kawalec, Anna Paszulewicz, Przemysław Holko, Andrzej Pilc prostate cancer each year and the standardized mortality rate for 2009 was 13.1 [2] . Low level of oncological awareness (i.e. screening tests used for the early detection of prostate cancer) results in late diagnosis and poor outcome [3] .
Localized prostate cancer may be cured with surgery or radiation therapy, but the disease recurs in approximately 19% to 32% of patients [4] [5] [6] [7] [8] . Androgen-deprivation therapy, the most common treatment after recurrence, is effective; however, the disease eventually progresses in most men who receive such treatment [9] . Management of this castration-resistant state, also known as androgenindependent prostate cancer (AIPC), is a significant clinical challenge. It remains an incurable disease, given the availability of treatment options that modestly extend survival by a median of 2 to 4 months. Docetaxel-based regimens have been acknowledged as the standard first-line chemotherapy [10] , but are associated with serious adverse effects (i.e., grade 3 or 4 neutropenia, infection, anemia, neuropathy) [11] . New treatments with fewer side effects are needed [12, 13] .
Sipuleucel-T is an active cellular immunotherapy, a type of therapeutic cancer vaccine, consisting of autologous peripheral-blood mononuclear cells (PBMCs), including antigen-presenting cells (APCs) that have been activated ex vivo with a recombinant fusion protein (PA2024). This protein consists of a prostate antigen, prostatic acid phosphate, that is fused to a granulocyte-macrophage colony-stimulating factor: an immune-cell activator [13] . On April 29, 2010 , the Food and Drug Administration (FDA) approved the drug sipuleucel-T (PROVENGE ® , made by the Dendreon Corporation) for the treatment of asymptomatic or minimally symptomatic metastatic castrate-resistant (hormone refractory) prostate cancer [14] .
The aim of this review was to identify all of the randomized controlled trials comparing sipuleucel-T to placebo for men with mCRPC and to provide reliable evidence on the efficacy and safety of the novel therapy.
Material and methods

Data sources and searches
The study was conducted according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines [15] . A systematic search of electronic databases, abstract proceedings of major scientific meetings, and bibliographies of all eligible studies published between January 1, 1966 and February 6, 2012 was conducted to identify all of the relevant studies. Databases searched included Medline (PubMed), Embase, Cochrane Registry of Controlled Trials (CENTRAL) and, additionally, the ISI Web of Science, Scopus, CancerLit, American Society of Clinical Oncology (ASCO), and European Society of Medical Oncology (ESMO).
The search strategy involved the following terms combined with Boole's logical operators [16] : ("sipuleucel" OR "sipuleucel T" OR "sipuleucel-T" OR "APC-8015" OR "APC8015" OR "APC 8015" OR "Provenge" OR "PA024 Antigen") for intervention AND ("prostate cancer*" OR "prostatic neoplasm*" OR "prostate neoplasm*" OR "cancer of the prostate" OR "cancer of prostate" OR "prostatic cancer*" OR "prostate gland cancer") for population. The search results were restricted to humans and methodological filters were used to identify clinical trials and randomized clinical trials. Studies were considered irrespective of language or publication status.
Study selection
Randomized controlled trials investigating the effectiveness of sipuleucel-T for men with metastatic castration-resistant prostate cancer were eligible for inclusion. Although all of the relevant records were identified and included in the systematic review, the meta-analysis was based on full-text articles only.
Data extraction and quality assessment
A coherent form was created, piloted, and then used to abstract the available data for the predefined outcomes of interest. These were: overall survival (OS), time to progression (TTP), probability of at least 50% reduction of the PSA level, adverse events of any grade, and adverse events grades 3 to 5. Two authors extracted data independently. Disagreements were resolved by discussion, consensus, and arbitration by a third author.
The Jadad score, which evaluates studies based on their description of randomization, blinding, and dropouts (withdrawals), was used to assess the methodological quality of the trials [17] . The quality scale ranges from 0 to 5 points with a low-quality report for a score of 2 or less and a high-quality report for a score of at least 3.
Data synthesis and analysis
Relative benefit (RB) or relative risk (RR) and 95% confidence intervals (95% CI) were used to summarize the probability of at least a 50% reduction of the PSA level and adverse events. Hazard ratios (HR) and 95% CI were used for overall survival (OS) and time to progression (TTP). The median "timeto-event" data and range were also presented for OS and TTP.
Relative benefits were calculated as the proportion of occurrence frequency for the particular outcome between the two treatment arms and their 95% confidence intervals were calculated using the χ 2 test. The hazard ratios with the confidence intervals were acquired from original papers according to their authors. As the approach to calculating these statistics may have varied across the studies, an effort was made to extract the parameter from all of the studies calculated with the unadjusted Cox regression model. Due to the inconsistency in presenting hazard ratio values (the HR defined as the risk in patients treated with a placebo divided by the risk for patients treated with sipuleucel-T), it was necessary to calculate the inverse value in such instances.
The results obtained from separate trials were combined using appropriate meta-analysis methods. The inverse variance, Mantel-Haenszel or Der Simonian-Laird effects model, was used according to the data input and heterogeneity test results.
The clinical heterogeneity was assessed by examining characteristics of the featured studies, whereas the statistical heterogeneity was detected using formal testing with Cochrane Q and the inconsistency level I 2 [16] . The possibility of publication bias was not assessed due to the very limited number of studies included [18] . Meta-analysis was performed with RevMan ® V 5.1. (The Nordic Cochrane Centre Software, Copenhagen) [19] , and the relevant calculations were made using Microsoft Office Excel 2007 ® (Microsoft ® Corporation) [20] .
Due to the limited data available, the metaanalysis was not carried out in subgroups and only the results for the general population were presented.
Results
Systematic review
The electronic searches yielded 548 items after duplicates were removed. Of these, 24 articles were fully scrutinized. Twelve of the studies were considered ineligible due to lack of randomization, use of combination therapy with another anti-cancer agent, review or systematic review, different population or irrelevant outcomes. Twelve articles and conference abstracts met the predefined inclusion criteria [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The flow of information through the different phases of the systematic review is shown in Figure 1 .
The studies included in the meta-analysis comprised full texts of 3 randomized clinical trials (RCTs): D9901 trial [21] , the D9902A trial published together with data from the D9901 trial [25] , and the IMPACT (Immunotherapy for Prostate Adenocarcinoma Treatment) study [26] . A total of 737 participants were randomized, with 488 patients having taken sipuleucel-T and 249 patients having taken a placebo. All of the studies were homogeneous with regard to the patients' age, diagnosis, basic biochemical parameters, and methodological aspects, e.g. Jadad score (Table I) .
Quantitative assessment -efficacy
The assessed efficacy of sipuleucel-T versus the placebo comprises results for the following clinically important outcomes: HR for overall survival, HR for time to disease progression, median survival Records excluded on basis of title (n = 522)
Full-text articles excluded, with reasons: n = 1 -combination therapy with bevacumab n = 4 -lack of randomization n = 5 -reviews and systematic reviews n = 1 -not relevant outcomes n = 1 -different population (men with androgen dependent prostate cancer)
Records identified through main database searching (n = 43)
Additional records identified through other sources (n = 627) Paweł Kawalec, Anna Paszulewicz, Przemysław Holko, Andrzej Pilc time, median time to disease progression, and at least a 50% reduction of the serum PSA level.
Overall survival
Three trials that included 737 randomized participants contributed the information on overall survival [21, 25, 26] . The median survival time was presented for each study separately for sipuleucel-T and the placebo group, and a meta-analysis of hazard ratios was performed. The median time of overall survival was 4.5 months longer in sipuleucel-T than in the placebo group for patients in D9901 [21] , 3.3 months longer in the D9902A trial [25] , and 4.1 months longer in the IMPACT trial [26] (Table II) . Because event rates for time intervals were not available in the studies, we used the inverse variance Table II . Median time of overall survival and time to progression from individual trials for sipuleucel-T compared to placebo for castration-resistant prostate cancer method to pool summary log hazard ratios from individual trials, confirming the strong positive influence of sipuleucel-T on the overall survival of men with castration-resistant prostate cancer ( Figure 2 , Table III ). The survival effect with sipuleucel-T was observed despite the inclusion of optional APC8015F salvage therapy for placebo-treated patients.
Time to progression
Three trials that included 737 randomized participants contributed the information on time to progression (TTP) [21, 25, 26] . The median time to progression was presented for each study separately for the sipuleucel-T and placebo groups and a meta-analysis of hazard ratios was performed. The median TTP was 2.6 weeks longer in the sipuleucel-T group than in the placebo group for patients in D9901 [21] , 1 week longer in the D9902A trial [25] , and 0.2 weeks longer in the IMPACT trial [26] (Table II) . Both the median time to disease progression and a meta-analysis of hazard ratios for this outcome indicate that a significant effect of sipuleucel-T on disease progression was not observed (Figure 3 , Table III ).
Serum PSA level reduction of at least 50%
Data on reduction of the serum PSA level of at least 50% were available from one randomized control trial [26] . The analysis included 464 randomized participants for whom the post-baseline serum PSA level was assessed. Relative benefit (RB) was calculated but a statistical difference between treatment arms was not observed (Table III) .
Quantitative assessment -safety
All adverse events and adverse events grades 3 to 5
The incidence of adverse events was available from three randomized control trials [21, 25, 26] . The analysis was based on a safety population (patients who underwent at least 1 leukapheresis) of 729 men with castration-resistant prostate cancer randomized to sipuleucel-T or placebo. The analyzed population consisted of an integrated safety population from D9901 and D9902A trials [25] consisting of 223 of 225 men, and a safety population from the IMPACT trial [26] that included 506 of 512 patients. The analysis included the overall incidence of adverse events, and the occurrence of adverse events with grades 3 to 5 (according to the National Cancer Institute's Common Toxicity Criteria version 2.0 [25] or 3.0 [26] ). The pooled relative risk (RR) of occurrence of adverse events ( Figure 4 ) and adverse events grades 3 to 5 ( Figure 5 ) indicated lack of statistical difference between the therapy with sipuleucel-T and the placebo regarding those safety endpoints (Table III) . Table III . Efficacy and safety meta-analysis and single study results for sipuleucel-T compared to placebo for castration-resistant prostate cancer
Cerebrovascular events
The most serious adverse events possibly related to sipuleucel-T use were cerebrovascular events (e.g., hemorrhagic, ischemic, embolic, transient ischemic attack, and bleeding from a dural metastatic lesion). Data on the probability of cerebrovascular events were available from three randomized control trials: integrated data from the D9901 and D9902A trials [25] and the IMPACT trial [26] . The safety population included 729 randomized participants who underwent at least one leukapheresis. The meta-analysis results ( Figure 6 , Table III ) did not confirm the influence of sipuleucel-T on the increased risk of cerebrovascular events.
Discussion
All of the studies included in the meta-analysis are of good quality and are homogeneous with regard to their clinical aspects. Nevertheless, two of them (D9901 [21] and D9902A [25] ) were designed to evaluate the time to disease progression (TTP) rather than overall survival as a primary endpoint.
The results of the meta-analysis in the present review confirm the findings reported by authors [21, Rate ratio IV, fixed, 95% CI 25, 26] that treatment with the therapeutic cancer vaccine sipuleucel-T led to a significant improvement in overall survival for men with metastatic castration-resistant prostate cancer. By contrast, the time to disease progression did not differ significantly between treatment arms. This result may be due to the delayed onset of antitumor responses after active immunotherapy, relative to objective disease progression, which occurred early in this group of patients [33] . In patients with metastatic castration-resistant prostate cancer, the disease progression endpoint, as currently defined, is not a reliable predictor of overall survival. Several randomized trials that have shown effects of various treatments on overall survival have not shown the effects on disease progression [34] [35] [36] [37] , and vice-versa [38] , suggesting a possible class effect or some previously unknown feature of prostate cancer.
The preliminary results of the PROTECT (PROvenge Treatment and Early Cancer Treatment) trial, including men with androgen-dependent prostate cancer, have also failed to achieve statistical significance for their primary endpoint, which is biochemical failure (defined as serum PSA level ≥ 3.0 ng/ml); however, the survival results are not yet available [39] .
Moreover, with the median time to progression of 10-14 weeks, many patients had progressed by the time of the first scan scheduled at 6 or 8 weeks, so that patients may have reached the progression endpoint before achieving the maximal immune response to therapy. As was previously demonstrated, the maximal immune response in some patients may not occur until 12 weeks or longer after the initiation of therapy [40] . Progression may therefore have reflected, in part, what was in progress at the time of enrollment, and not necessarily progression on the therapy. For this reason, the time to progression may not be an appropriate endpoint when testing the effect of immunotherapy in this patient population.
Overall survival may be a more appropriate endpoint for advanced prostate cancer trials, because death events generally occur much later than progression events, allowing more time for the therapy to take effect, particularly for immunotherapeutic agents such as sipuleucel-T.
The mechanisms by which sipuleucel-T provides a clinical benefit are not yet completely understood. However, knowledge of these mechanisms will be crucial for probing human immune responses and tumor biology in order to understand what distinguishes responders from non-responders. The following next steps are necessary: firstly, the development of immune-monitoring strategies for the identification of relevant biomarkers; secondly, the establishment of guidelines for the assessment of clinical endpoints; and thirdly, the evaluation of combination therapy strategies to improve clinical benefit [41, 42] .
In conclusion, sipuleucel-T is safe and prolongs survival among men with asymptomatic or minimally symptomatic metastatic castration-resistant prostate cancer. However, no significant effect on the time to objective disease progression was observed.
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